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ANSWERS TO SOME FREQUENTLY ASKED QUESTIONS 
ABOUT HARMONIC ATTENUATION AND IMPEDANCE 
MATCHING PROPERTIES OF PI NETWORKS. 


By Clayton F.Bane, W6WB. 


Judging by the number of comments received and questions 
asked, the pi network is either in use or under consider- 
ation by many amateurs. An attempt will be made to answer 
some of the more frequently asked questions... "Q"and"A" 
format being adopted to get in all possible copy. 


Q- Why do | get 00 reports on strong second harmonic rad- 
iation from my 80 meter CW transmitter. Isn't the pi net- 
work | use supposed to eliminate such harmonics? (novice 
licensee). 

A- No, The conventional pi network has a circuit arrange- 
ment similar to a single-section low pass filter and the 
harmonic attenuation characteristics will be similar. The 
low pass filter, (constant"K" type) gives an attenuation 
of approximately 15 DB per octave, i.e., 15 DB at the 2nd, 
30 DB at the 3rd etc. The attenuation is there all right 
there simply isn't enough rejection at the 2nd to pre- 
vent radiation of an appreciable amount of power. The 
only thing that will help in the network proper is to add 
additional network sections. The modern Collins equipment 
for example, uses a "Pi-L" type of network; an "L" section 
being added to the end of the "Pi". This configuration 
can provide as much as 50 DB attenuation to the second 
harmonic. The overall-harmonic situation can be improved 
in many cases by the relatively simple expedient of de- 
creasing the bias onthe final amplifier. The class C amp- 
lifier is considered by many to require twice the bias 
necessary to establish plate current cutoff. It can be 
shown that a decrease in this bias by about 25%, (angular 
plate current flow of 120°) will result in an additional 
3DB on 2nd and 9DB on 3rd harmonics beyond that produced 
by the network proper. There is a very slight loss in 
efficiency but it is rather negligible in comparison to 
the advantage gained. My own PP-4-250A final is biased 
just beyond cutoff. Drive should be reduced to maintain 
grid current at approximately the same value used with the 
greater grid bias. 


A conventional low-pass filter of the TVI type will be of 
no help in decreasing 2nd or 3rd harmonics from 80 or 40 
meters since these filters have cutoff points around 4Omcs 
and relatively flat response to all lower frequencies. 
It is suggested that a two section "Harmoniker" type fil- 
ter be used in the output line since this filter will pro- 
vide about 30DB to the second harmonic. This is a "One- 
band" filter; a seperate one being required for each band. 
(Refer: G-E Ham News, Nov-Dec., 1949 for design details). 


To summarize, the simple pi network is no cure-all for 
harmonics. 

Q- If | shift frequency within a given band, say 50 kes, 
is it necessary to retune the network even though the 
final amplifier may not be exceeding plate current ratings? 


A- Definitely yes! The input capacitor must be adjusted 
for minimum plate current at all frequencies. If this is 
not done, the entire network is reactive...harmonics may 
actually be accentuated under these conditions. 


Q- | am concerned about the ability of the contacts on the 
switch described in the last Tecnews to handle the net- 
work currents at high power. 


A- Look again at the switching circuit. Note that the cur- 
rents through input and output capacitors do not pass 
through the switch contacts. Also that the 80 meter induc- 
tor is in parallel with the other inductors at all times 
and that a portion of the total current divides between 
this coil and the switch contacts. It is probable that the 
current through the switch is about the same as the cur- : 
rent in the external line. 

If more pressure, (less resistance) is desired on the 
switch contact fingers, contacts can be "Backed up", i,e, 
two metal thicknesses used. Also, small Pyrex feed-through 
bowls will give a longer leakage path. 


Q- How can | neutralize a pi network? 

A- For multi-frequency operation the pi may be neutral- 
ized by the capacitor bridge method shown. C may be arb- 
itrarily selected as .0005 mfd. C gf must equal total in- 
put capacity of tube and strays.C gp equals the tube plate 
to-grid capacity. See ARRL Handbook 1953,page 145,for 
alignment details. Accompanying chart shows values for 
different tube types with varying input capacities. 
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Q- Is it not possible to use a pi network to match re- 
ceiver input to line, line to antenna, etc.? 


A- Yes, the pi network can be used for both of these app- 
lications to produce an exact match. In such instances, 
variable loading is not a pre-requisite so that the net- 
work calculations can be greatly simplified by the asump- 
tion that the network will provide sufficient energy tran- 
sfer if the value of reactance of the inductive arm does 
not exceed the geometric mean of the input and output 
impedances. That is, X must be equal to, or less, than 
YR, Ronever greater. Now if all arms of the network are 
set to a value equal to VR, R2 The pi section becomes the 
equivalent of a transmission line section an odd multiple 
of a quarter wavelength long. This will be recognized as 
the familar geometric mean antenna matching section where 
the characteristic impedance of the matching section is 
equal to the square root of the product of the antenna 
and transmission line impedances and where the section 
itself is resonant at the operating frequency. The net- 
work under discussion is an exact L/C equivalent and can 
be used for the same purposes. |t is also quite interest- 
ing to note that the "Harmoniker" mentioned previously 
is composed of two similar quarter wave sections, back- 
to-back, making up an equivalent one-half wave resonant 
line section. 


A little thought will show that the inductive reactance 
of a coil and its inductance bear a direct relation, the 
smaller the inductance the lower its reactance. From this 
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it may be seen that the limitations of the quarter wave 
type of network lie essentially in the inductor itself. 
That is, whether or not the values of the two impedances 
to be matched are such as to result in a coil having suf- 
ficient inductance to permit it to be realized practic- 
ally. An example: Match an 8 ohm antenna to a 50 ohm line. 
X2V8x50=20 ohms. An inductive reactance of 20 ohms is 
equal to an inductance of .22 microhenries at |4 mcs, 
half this value at 28 mcs. It can thus be seen that the 
inductance can become vanishingly.smal! at higher fre- 
quencies where the actual numerical value of the two im- 
pedances to be matched is small. Example: Match a 50 ohm 
line to a receiver input impedance of 1000 ohms. Here, 
X=50x 1000-224 ohms. An inductive reactance of 224 ohms 
is equal to an inductance of 2.5 microhenries at 14 mcs. 
Here we have a completely practical value. Note that it 
is the actual value ofethe two impedances rather than 
their ratio that sets the inductance. No mention has been 
made of the value of the capacitor arms since they will 
work out to be practical in most network applications. 


Consideration might be given to the use of this type of 
network in antenna-to-line matching applications where 
the impedance of a 52 ohm line is increased by a factor 
of four by the use of a "Bazooka" balancing section. Here 

the network could be arranged on a balanced basis; one 
half the value of the inductance being placed on each side, 
twice the individual capacities on each side to ground. 

The drawing shows how this might be accomp] ished. 
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